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The purpose of this paper is to obtain the sufficient conditions for the oscillation of the solutions of hyperbolic equations of neutral type of the form 
an.
Suppose that the following conditions (A) hold:
(Ai) T = const > 0, a(t) is a continuous function in R+ such that lim <r(t) = oo, <r(t)<*; (Ai) a(t) is a nonnegative continuous function on iZ+, f(u) G C(R, R) are convex in (0,oo) and uf(u) > 0 for u / 0 ] and (A,) «(<)eC([0,oo)) andp(*)eC([0,oo), [0,l] PROOF: Suppose to the contrary that there is a nonoscillatory solution u(x,t) of the problem (1), (2) which has no zero in f2 x [to,oo). Without loss of generality we may assume that u(x,t) > 0 in fl x [<o,oo). From condition (Ai) there exists a ti > to such that u(x,t) > 0, u(x,cr(t)') > 0 and u(x, t -T) > 0 in O x [ti,oo). We integrate (1) with respect to x over the domain (1 and obtain for t ^ t\ -\ f u(x,t)dx + p(t) I u{x, t -r)dx]
Green's formula yields
Moreover, from ( A i ) and using Jensen's inequality it follows that
Then from (5), (6) and (7) it follows that for t ^ h
Oscillations of equations 375 where V(t) -J n u(x,t)dx, t ^ to. Thus V(t) is a positive solution of the inequality (8). Set Z(t) = V(t) + p(t)V(t -T) . Obviously Z(t) > 0 for t^ <i and (9)
Z"(t)^0 for i^h.
and h' m Z(t) --oo, which contradicts the fact that Z(t) > 0. In view of (3), we have
Since Z(t) ^ V(t) and Z(<) is nondecreasing, it follows that
We obtain for t^t\
From this it follows that
) [ ( ) ] for
Thus we have lim t->oo t p which leads to a contradiction. If u(x,t) ^ 0 for (x,t) E f t x [t 0 ,oo), then the proof follows from the fact that -u(x,t) is a positive solution of the problem (1), (2) . This completes the proof of the theorem.
D [4] REMARK. If u(x,t) = u(t), f(u) = u and a = t -a, then Theorem 1 and the Theorem in [2] are the same.
We consider now the boundary condition
and we consider the following Dirichlet problem in the domain f2
where a is a constant. It is well-known that the smallest eigenvalue ao of the problem (12) 
From the divergence theorem it follows that 
ince, for t > h H(t) ^ 0 and H(a(t)) ^ 0, then by (17)
The remainder of the proof is similar to that of Theorem 1; we omit it. D
We need the following lemma [5] .
LEMMA .
Consider the differential inequality (18) x'(t) + b{t)x(g{t))^0, t>t 0 , where b(t) e C(R, [0,oo)), g(t) 6 C(R,R), g{t) ^ t and g(t) is a non decreasing function with lim g(t) = oo. If
then the inequality (18) has no ultimately positive solutions.
THEOREM 3 . Let conditions (A) and (3) hold. IS
(19) /"* 1 liminf / Q(s)ds > -, *- >o° Ja(t) e wAere
Q(t) -a O £ O q{t)<T(t)\l -p((r(t))] exp / a O £oa(8)s[l -p(s)]ds\ , for all large T, eo G (0,1) is a constant, tien every solution u(x,t) of the problem (1), (11) is oscillatory in G.

PROOF: Let u(x,t) be a positive solution of the problem (1)-(11). As in the proof of Theorem 2 we get (17). From (17) and (3) it follows that -^ [H(t) + p(t)H(t -T)} + a o a(t)H(t) + aq(t)H(a(t))
^ 0, t>h.
Moreover,
Z"(t) + a o a(t) [Z(t) -p(t)B(t -r)] + aq(t) [z(a(t)) -p(*(t))H(a(t) -r)] < 0,
at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0004972700012028 [6] Since Z(t) ^ H(t) and Z(t) is nondecreasing, we have
Obviously, Z(t) ^ 0, Z"(t) ^ 0 and Z 1 ^ 0 for t ^ h (as in the proof of Theorem 1).
By Lemma 1 in [5] there exists a T ^ t\ such that
Z(t) > e o tZ\t) and Z(a(t)) > ea{t)Z'(a(t)
) for t^T. Hence, from (20) we have (21)
Z"(t) + a o eoTa(t)[l -p(t)]Z'{t) + ae o q(t)v{t)[l -p(<r(t))]z'(<r(t)) ^ 0, t > T.
Set
Y ( t ) = Z ' ( t ) e x p [ / a 0 e 0 8a(s) [l -p(aj\ ] ds, t^T
and using (21) we obtain (
22) Y'(t) + Q(t)Y(a(i))^0, t>T,
where 
eoq(t)<r(t) [l -P (a(t))] Y(<r(t)) ^0 , t> T,
where Y(t) = Z'{t), e 0 E (0,1), such that It is easily verified that the functions p(t) = e~n, q(t) = e " * , a(t) = 1, a(t) = t -n and f(u) = u satisfy the conditions of Theorem 4. Hence all solutions of the problem (27), (28) oscillate in G = (0,7r) X [0,oo). For instance, the function u(x,i) = sintsinx is such a solution.
Integrating (23) from <r(t) to t, we have -Y(a(t)) + ao e o I q{s)a{s) [l -p{a{s))\ Y(a(s))ds ^0 ,
